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BIEN PO TAN XA NANG LUQNG CAO TRONG
LY THUYET HAP DAN TUYEN TiNH

Tém tit: Dang diéu tiém cdn cua bién do tan xa dan hoi bdng cach trao doi graviton
gitta hai hat vé6 hwéng & ving nang luong cao va xung heong truyén cé dinh dwoc
nghién ciru lai qua phwong trinh chudn thé Logunov-Tavkhelidze trong 1y thuyét
hdp dan tuyén tinh. Cic bé chinh doi véi gan diing eikonal, bang cdach tiép cdn khai
trién gan ding theo lity thira ciia bic 1/ p dwoc phdt trién, ciing véi cac déng gép
chinh ¢ viing ndng lwong cao. Biéu thitc eikonal ciia bién d¢ tan xa va bé chinh dau
tién chinh thirc da thu dwoc. Thé Yukawa dwoc ap dung dé thao ludn két quad.

Tir khéa: Ly thuyét trieong, bién d¢ tan xa, gan ding eikonal.
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SYNTHESIS, STRUCTURE OF SOME o, 3 - UNSATURATED
KETONES FROM ACETONE AND ALDEHYDES

Pham Van Hoan, Nguyen Xuan Trinh
Hanoi Metropolitan University

Abstract: Diverse biological activities of o, p- unsaturated ketones such as antibacterial,
anti-fungal, weed and insecticide killer, anti-cancer of liver, lung.. have been mentioned
in many studies. Otherwise, a,f-unsaturated ketones are derivatives that play a very
important role in the synthesis of heterocyclic compounds with very plentiful activity.
There have been a number of studies synthesizing [1,2,3,4,5,6,7] and converting them into
diverse heterocyclic compounds [8, 9, 10,..] showing the important role of a, p- unsaturated
ketones thank to their diverse applications. This paper introduces the synthesis some a, [5-
unsaturated ketones from acetone and some aldehydes.
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1. INTRODUCTION

Synthesis a,B-unsaturated ketones are synthesized according to general chemical
equations:

C,H;0H
R— CH=0 + CH3COCH; ———= R— CH-CH— C— CH=CH—R

NaOH
O

Here: R is hydrocarbon radical.

The reaction is carried out in an ethanol environment with sodium hydroxide catalyst,
the ratio of substances involved (aldehyde/acetone) in the reaction is 2: 1 in moles. After
recrystallization, the product is measured for melting point, checked for purity by thin silica
gel chromatography in solvent system of n-hexane and ethyl acetate according to appropriate
volume ratio and spectrometry to determine structure.

2. CONTENT
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2.1 Confirm structure of synthesized compounds

The synthesized substances after measuring the melting point are stable and checked by
thin layer chromatography silica gel showing round and neat marks will be determined by
modern spectroscopic methods (IR, '"H NMR).

2.1.1. Measuring the melting temperature

Melting temperature of synthesized compounds was measured on Gallenkamp (UK) at
the Organic Chemistry Laboratory, Department of Chemistry, Hanoi National University of
Education.

2.1.2. Measuring IR spectrum

Infrared spectrum of substances is recorded on PTS-6000 (Bio-Rad, USA) at the
Infrared Spectroscopy Room, Institute of Chemistry — Vietnam Academy of Science and
Technology, tablet form with solid KBr.

2.1.3. Measuring nuclear magnetic resonance spectrum

"H NMR spectrum of substances is measured in solvent DMSO or CDCl; (TMS is the
standard) by Brucker Avance 500 MHz machine at The Nuclear Magnetic Resonance
Spectroscopy Room of Chemistry Institute — Vietnam Academy of Science and Technology.

2.2. Disscuss results
2.2.1. Disscuss results of synthesis o[- unsaturated ketones

There are many ways to synthesize a, — unsaturated ketones, but the most common is
the aldol — croton condensation reaction. In the synthesis process, the used catalyst used was
20% sodium hydroxide solution. In terms of reaction conditions, we used a simpler, cheaper
agent than the previous authors [1; 2; 3] because the authors also closed the cumarin loop
before the synthesis of ketones. The a,f— unsaturated ketones are synthesized according [5;
6; 7] with fairly high performance. The reaction went through 2 stages of add-separation as
follows [5]: Addition phase: The role of the base in the aldol additive reaction is to activate
the methylene component so that it is easily added to the carbonyl group of the aldehyde
molecule.

+ OH" /‘\1 Y/\

H2C' _I(Ij — _CHZ
0 -H0 0

CH2: I(j:CHz
o*

The resulting carbanion attacks the carbonyl group of the aldehydes molecule to form
aldol compounds:
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(‘\ )
H,C'=C—"CH, + Ar—CH=0 — Ar-CH-CH,-C-CH,-CH- Ar
I | I |
O (0} 0 O
ROH (dm)
— > Ar-fH-CHZ-C-CHz-CH-Ar

OH o OH

Separation phase: The product of the reaction usually has a trans configuration. The
decomposition reaction takes place by Elcb reaction mechanism:

+ OH" (\ )
Ar-fH-CHz-l(J-CHZ-FH-Ar Ar-CH-'CH-|C-'CH-FH-Ar
-H,0
OH 0 0 2 OH 0 OH
OH"

— > Ar—CH:CH—l(f—CH:CH—Ar
(0]

The intermediate product is a carbanion; The less negatively charged carbanion the more
stable it is, the higher the efficiency. In the process of synthesizing a, B— unsaturated ketones,
we only use one ketone (acetone) so the efficiency and speed of the reaction depend on the
aldehyde nature. The higher the density of positive charge on the C atom in the -CHO group
of the aldehyde molecule, the easier the reaction will occur. Such substituents having —I, —C
effects will increase the positive charge density on the carbon atoms in the -CHO group and
vice versa. Reaction performance values are perfectly consistent than expected.

Table 1. Some physical characteristics of a, f— unsaturated ketones

0, p— unsaturated ketones Some physical characteristics

C1C1 Needle-shaped crystals, light yellow, m.p
A
O

196°-196,5°C. Efficiency 73%.

O o A O Flake crystals, bright yellow m.p 111 -
112°C. Efficiency 70%.

O
\ /| needle-shaped crystals, dark red; m.p 193
N Z S N
C / | = 193,5°C. Efficiency 65%.
O

O needle-shaped crystals, dark yellow; m.p
D O NN O 148 - 148,5°C. Efficiency 72%.

Comparing the conditions of synthesis A, B, C, D, we found that: for A, B, D the reaction
was easier (at normal temperature) than C (mixed boiling). The reason is that 2 N(CH3)
groups causes a strong + C effect that reduces the positive charge density on carbon atoms
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in the -CHO group of 4-N,N-dimethylaminobenzaldehyde, which reduces the reactivity.
This is entirely consistent with the theoretical basis. Synthesized a, f— unsaturated ketones
are all crystals, well soluble in solvents DMF, ether, acetone, DMSO, slightly soluble in
alcohol and insoluble in water.

2.2.2. Research results of molecular structure
2.2.2.1. Infrared spectrum (IR) of o, p— unsaturated ketones

On the infrared spectrum of o, f— unsaturated ketones appear patterned at about 1630—
1652 cm™!, having a strong intensity, typical for the valence of C = O. The valence band of
C = C group (the alkene associated with the aromatic nucleus and the C = O group) and C =
C (the aromatic nucleus) in the lower region is about 1572—1600cm™!, has a stronger intensity
than the C=0. Especially at 980-999cm™! there is a characteristic oscillation for non-flat
deformation of vinyl group with trans-configuration when joining into combination with C
= O group.
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Fig. 1. Infrared spectrum of compound B

On the IR spectrum of o, f— unsaturated ketones we find: There was no signals of
characteristic valence oscillation of CH bonding of -CHO group (vcH aidehyde = 2700-2900
cm™!, usually show 2 signals, includes one at 2700 cm™). Valence oscillation of C=0 group
has lower frequency than C=O of initial ketone (Vc=0 saturatea = 1700-1720 cm™) and
aldehydes (vc-o0 = 1680—1715 cm™). Valence oscillation of C=C group has lower frequency
but intensity is higher than isolated C=C group (Vc=c isolated = 1620 —1680 cm™). The reason
is that the combination of C=0 group with C=C group reduces the bonding multiple, so they
oscillate at smaller frequencies. Thus, the results obtained when analyzing the IR spectrum
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above show that the synthesized a, p— unsaturated ketones are consistent/match with the

initial estimates.
Table 2. Results of IR interpret of a, p— unsaturated ketones (R-CH=CH-)C=0

Ki VCH Ar, Y-CH=
hia R VCH sat. V=0 VC=C, C=N

1eu alkene (trans)

A 4-CICe¢Hs— | 3012,5 - 1626,8 1586,3 982,3

B CeHs— 3055,5 - 1651,8 1589,8 981,8
4— 1518,2;

C (CH3):NCeHi 2896,3 2803,8 1636,7 1596.3 986.,4
CeHs— 1572,7;

D CH=CIL 3036,4 - 1639,9 14914 998,2

2.2.2.2. 'TH NMR spectrum of a, f— unsaturated ketones
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Fig. 2. "H NMR spectrum of compound B in CDCl;3

On the 1H NMR spectrum of a, B— unsaturated ketones, protons gathered into signal
clusters with chemical shift in the range of 6.6 — 7.8 ppm. This is the typical chemical shift
for unsaturated protons of = CH— group and there is a pair of doublets in the form of the roof
effect in the range of 6.9 — 7.8 ppm with spin — spin interaction constant J = 15 — 16 Hz of
group protons —CH = CH- proving that they exist in trans-configuration (consistent with IR
spectrum). In addition, on the spectrum of compound C, there is also a characteristic signal
of CH3—N-Ar group.

Because o, B—unsaturated ketones are symmetric molecules, there are many equivalent
protons, moreover, the protons of the benzene ring have quite close displacement in the range
of 6.6 — 7.62 ppm. Based on the relative strength, chemical displacement and spin — spin
interaction constant, the '"H NMR spectrum analysis results of B and C are shown in the
following table 3.
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Table 3. Results of 'H NMR interpret of B, C (6 ppm)
(J (Hz); s: singlet; d: doublet; dd: doublet—doublet; t: triplet; q: quartet; m: multiplet)

s 6 p O p 65 7 s 6 op O po6_s 7
Positions 4] a o 1~ ¢ / 41 a a 1' 4
— 3 2 2 3 '
302 2 3 7 7
B) (C)
H>* 7,09; d; 16; 1H 6,88; d; 15,5; 1H
H>Y 7,74; d; 16; 1H 7,68; d; 16; 1H
H>?2; H>¢ 7,62; d-d; 6,5; 1,5; 2H 7,5;:d; 9; 2H
H33; H> 7,41; d-d; 5; 1; 2H 6,69; d; 8,5; 2H
H*# 7,43;d; 5; 1H -
H’, H” - 3,03;s; 3H

Thus, the results of the above analysis show that: a, B— unsaturated ketones synthesized
enough protons as expected. The relative intensity, chemical displacement as well as the spin
— spin separation constant of the protons are consistent with the originally expected structure.
The results allow proper conclusions about the structure of o, f— unsaturated ketones
synthesized.

3. CONCLUSION

Four a, B— unsaturated ketones have synthesized from acetone and aldehydes that have
not found in references.

The combination of interpret results of IR and 'H NMR spectrums confirmed structure
of synthesized compounds.
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